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INTRODUCTION 


The  Naval  Surface  Weapons  Center  (NAVSWC),  Dahlgren,  Virginia,  has  the 
responsibility  for  providing  aiming  data  to  support  Fleet  use  of  air-launched  weapons 
from  all  Navy  aircraft.  In  the  case  involving  rotary-wing  aircraft,  aiming  data  for 
desired  release  conditions  were  not  always  readily  computable  due  to  lack  of 
sufficient  angle-of-attack  data.  Because  of  the  wide  variety  of  applications  for  the 
helicopter  and  its  maneuverability,  an  accurate  yet  inexpensive  method  of  generating 
angle-of-attack  and  position/orientation  data  for  any  desired  delivery  technique  was 
needed.  For  this  reason,  efforts  concentrated  on  obtaining  a computer  model  which 
will  provide  angle-of-attack  and  position/orientation  data. 


There  are  currently  no  computer  models  available  which  are  cost  effective  to 
operate  and  provide  the  desired  accuracy.  Consequently,  a two-part  effort  was 
initiated.  The  first  involves  a model  to  calculate  angle-of-attack  data  for  use  in 
generating  aiming  data  for  helicopters  in  a trim  state.  The  second  effort  involves  a 
dynamic  model  which  will  generate  time-position/orientation  data  for  non-trimmed 
releases  and  safe  separation  analysis.  The  second  model  may  incorporate  the  results 
of  the  first  model.  This  report  documents  the  model  which  has  resulted  from  the 
initial  effort. 


OBJECTIVE 

The  objective  of  this  effort  has  been  to  develop  a means  of  determining 
time-position/orientation  data  for  use  in  computing  sight-setting  information  for 
helicopter  weapon  delivery.  Any  method  for  obtaining  such  data  must  provide  the 
required  data  quickly  and  accurately  at  a reasonable  cost.  The  desired  accuracy 
chosen  at  the  beginning  of  this  effort  was  to  obtain  angle  of  attack  within  plus  or 
minus  one  half  degree.  For  operating  time,  the  objective  was  to  obtain  the  needed 
accuracy  in  as  short  a running  time  as  possible.  The  method  chosen  to  obtain  these/ 
objectives  was  to  ignore  any  variables  not  of  immediate  concern  in  determination  of 
angle  of  attack  (e.g.,  stress  analysis,  blade  flexibility,  etc.). 
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GENERAL 

The  Basic  Helicopter  Performance  and  Control  Model  is  a Fortran  Extended 
program  which  computes  the  power  and  control  angles  for  a helicopter  in  steady 
flight.  This  section  provides  description  of  the  theory  and  techniques  involved.  If 
more  detailed  information  is  required,  the  reader  is  referred  to  Reference  1. 
Appendixes  A through  C provide  all  information  necessary  for  an  individual  familiar 
with  Fortran  to  set  up  and  run  the  Basic  Helicopter  Performance  and  Control 
model.  Appendix  D provides  a brief  comparison  with  actual  AH-1J  helicopter  flight 
test  data.  Appendix  E provides  a list  of  symbols  and  definitions. 

The  method  employed  in  generating  trim  parameters  is  a moment-balancing 
iteration  technique.  Flight  parameters  are  input,  an  angle-of-attack  estimate  is  made 
and  the  resulting  control  angles,  forces,  and  moments  about  the  aircraft  center  of 
gravity  are  then  computed  by  means  of  closed-form  approximations.  Based  on  the 
resulting  moment  unbalance,  a new  angle  of  attack  is  computed  using  the  Pegasus 
algorithm  (Reference  2)  and  the  computations  are  repeated.  This  procedure  is 
continued  until  the  moment  unbalance  is  very  small  (arbitrarily  chosen  to 
be  < helicopter  gross  weight/500)  at  which  point  the  helicopter  is  considered 
“trimmed,”  power  required  is  calculated,  and  resulting  data  are  printed. 


HELICOPTER  TRIM 

A helicopter  is  “trimmed”  when  the  sum  of  all  of  the  moments  about  the 
center  of  gravity  (eg)  is  zero,  and  all  forces  are  in  balance.  The  moments  considered 
include  contributions  from  the  rotor,  fuselage,  and  horizontal  tail.  For  all  forces  to 
be  in  balance,  the  vertical  components  of  rotor  thrust,  wing  lift,  horizontal  tail  lift, 
and  fuselage  lift  must  equal  the  weight  (W)  of  the  helicopter.  In  addition,  the  sum 
of  the  rotor  thrust  component  in  the  direction  of  flight  and  any  additional 
propulsive  force  must  be  equal  to  the  sum  of  the  fuselage  drag,  wing  drag, 
horizontal  tail  drag,  and  rotor  drag. 

Figure  1 shows  these  forces,  moments,  and  relative  velocities.  The  rotor  is 
positioned  some  distance  (Y)  behind  and  (H)  above  the  eg.  The  horizontal  tail  is  a 
distance  (£,)  behind  the  eg  and  is  positioned  at  an  incidence  angle  of  i{.  The  it 
may  be  linked  in  some  manner  to  the  main  rotor  longitudinal  cyclic  pitch. 
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Figure  1.  Helicopter  Forces,  Moments,  and  Relative  Velocities 

The  angle  of  attack  of  the  tail  is  reduced  by  the  downwash  from  both  the 
rotor  and  the  wing  (not  shown)  ahead  of  it.  The  resulting  angle  of  attack  is  given 
as  a(.  Fuselage  lift  (L),  drag  (D),  and  moment  (m)  are  assumed  to  be  acting  at  a 
distance  (Xf)  aft  of  the  eg  as  shown  in  Figure  1. 

The  resultant  forces  are  shown  in  Figure  2.  To  account  for  descent,  L is 
neglected  and  a and  at  are  assumed  small  so  that 


Figure  2.  Forces  on  a Helicopter  in  Steady  Descent 
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W cos0D  2s  T 


and 

W sin  0D  =rTsin(a+aj)  + D 

K.  . I 

For  level  flight: 

i W a T 


and 

1 j 

0 2r  T sin  (o  + a j ) + D 

Therefore,  in  order  to  determine  trim  angles  and  power  required  in  descent,  the 
| level  flight  case  is  evaluated  with  an  “equivalent”  weight,  W',  and  an  “equivalent” 

drag,  D',  given  by 


W'  * W cos  0D 


and 


D'  = D - W sin  0D 


The  correction  to  the  drag  is  made  using  the  flat  plate  area  (0*  Since 


D = 1/2  pV2f 
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which  implies 


SIMPLIFIED  THEORY  OF  TRANSLATIONAL  FLIGHT 


Rotor  aerodynamics  and  dynamics  parallel  the  treatment  given  in  Reference  1 
Cursory  treatment  is  given  below. 


Downwash  velocity  (w)  for  a lifting  rotor  in  forward  flight  can  be  defined  by 


which  implies 


wirAR 


Since  the  aspect  ratio  AR=  b2/S  where  b = 2R  (R  = rotor  radius),  we  have 


wir4R2 


wrr4R2 


S = pV'rrR2  2w 


where  p = air  density  and  V'  is  the  vector  sum  of  induced  (downwash)  and 
translational  velocities. 


Induced  power  (Pj)  now  becomes 


P.  = Tw 


= T (pV'wR2  2)  = 


T2 

2pWR2 


To  account  for  the  increase  in  induced  power  above  the  ideal,  the  term  El  is 
introduced.  The  resultant  equation  is 


Pj  = (1  +EI)Tw  = (1  +ED 


where  El  is  typically  between  0.12  and  0.15. 

If  the  thnist  vector  is  tilted  forward  through  some  small  angle  (a),  useful  work 
is  being  performed  at  the  rate  (TaV).  Thus,  in  general,  the  ideal  power  (P)  required 
by  a rotor  in  forward  flight  is 


P = ToV  + P,  = T(otV  + w) 


For  steady  forward  flight,  the  horizontal  component  of  thrust  (Tot)  must  equal  the 
parasite  drag  of  the  helicopter.  Therefore,  TaV,  termed  the  parasite  power,  is 
defined  by 


PpAR  - DV 


In  addition  to  the  ideal  power,  the  rotor  requires  power  to  overcome  the  profile 
drag  of  the  rotor  blade  sections.  This  power  is  referred  to  as  the  profile  power 
(Pp).  Total  power  required  by  a helicopter  rotor  in  forward  flight  is  therefore 
composed  of  three  parts 


P = Pj  + ppar  + Pp 


From  Equation  (1),  substituting  for  V we  obtain 


T = p(V2  + w2)1/2*R22w  = 2pwR2(V2w2  + w4)1/2 


which  implies 


(V2w2+w4)1/2  = 


2p»R2  2pA 


where 


profile  power  coefficient 


for  a constant  C. 


overcoming  the  torque  produced  by  the  profile  drag  of  the  blades, 
required  because  of  the  blade  profile  drag 


Because  of  similarity  of  form,  we  include  this  in  profile  power  to  get 


The  coefficient  of  p2  varies  from  manufacturer  to  manufacturer, 
aerodynamic  uncleanliness  of  the  root  end  of  the  rotor  blades,  * .ii 
usually  increased  in  practice  to  at  least  4. 


ROTOR  DYNAMICS 


Two  dimensionless  ratios  are  ascribed  to  a given  state  of  rotor  operations:  tip 
speed  ratio  (p),  and  inflow  ratio  (X).  The  ratio  of  rotor  translational  velocity  to  the 
velocity  of  the  tip  due  to  rotation  is  p. 


Inflow  rate,  X is  the  ratio  of  the  net  velocity  up  through  the  disK  plane  to  me  up 
speed.  Calculation  of  X requires  definition  of  a,  the  angle  of  attack  of  the  disk 
plane.  The  angle  between  the  incoming  free-stream  velocity  and  the  rotor  disk  plane 
is  a.  If  the  disk  plane  is  nose  up,  a is  positive. 


i • ’ r ; tsi'v  ■ 


If  w is  the  downwash  velocity  at  the  rotor  and  if  a is  assumed  small,  then 


Va-  w 


Collective  pitch  (0O),  total  twist  (0T),  lateral  cyclic  pitch  (0,),  longitudinal 
cyclic  pitch  (02),  coning  angle  (0O),  longitudinal  flapping  (aj),  lateral  flapping  (bj), 
disk  plane  angle-of-attack  (a),  tip  speed  ratio  (ji),  inflow  ratio  (X),  and  thrust 
coefficient  (CT)  are  all  interrelated.  An  explanation  of  these  relationships  is  given  in 
Reference  3,  and  pertinent  facts  are  summarized  below. 

The  results  for  a uniformly  twisted  non-tapered  blade  yield 


Q/J 

CT  * YlXT,t<»(1+K,J1))Tt+*TT5+(«J-K(b1)T4] 


If  we  assume  lateral  flapping  (b,)  = 0 and  solve  for  0O,  we  obtain 

»o  * - W,  - K,0oT2  - flTTj  - SjtJ/T, 

where  T, , T2,  T3,  and  T4  are  functions  of  n and  BQ  is  the  effective  dimensionless 
main  rotor  radius. 


where 

a = section  lift  curve  slope 
a = rotor  solidity 

CT  is  obtained  from  an  average  thrust  giving  the  same  impulse/revolution  as  the 
time-varying  thrust. 


; 
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The  coning  ingle  %)  can  be  obtained  from 


0„  * VXFi  ♦<«o+K,0o>F1  ' WFJ  - r 


or,  assuming  lateral  flapping  (bt)  * 0, 


0o  = Tf  lXFl  + ®0F2  + Kj0OF2  + ®tFj  + ®2F4 1 " T 


where 


i 


i 


IF  is  the  blade  moment  of  inertia  about  the  flapping  axis,  and  Mw  is  the  blade 
weight  moment  about  the  flapping  axis. 


Longitudinal  flapping  (a,)  is  given  by 

a,  = XAll+^o+K^^An  + eTAlS  + fe^Kpb^AM 


ppm 


CORRECTION  FOR  BLADE  STALL 

Reference  4 gives  a correction  to  the  power  coefficient  given  in  Equation  (2). 
This  correction  (CP  ) accounts  for  the  increase  in  rotor  torque  due  to  retreating 

blade  stall.  Cp  is  based  on  the  following  assumptions:  (1)  a jump  of  0.08  occurs 
in  the  section’  drag  coefficient  at  stall,  and  (2)  the  disk  area  within  which  blade 
stall  exists  is  a pie-shaped  segment  of  minimum  dimensionless  radius  (Xt)  that  is 
symmetric  about  \jj  = 270°  (Figure  3).  With  these  assumptions,  C^  can  be  defined 


The  dimensionless  radius  (X(),  outboard  of  which  blade  stall  is  present,  can  be 
found  by  equating  the  section'  angle  of  attack  of  a general  rotor  section  at 
\f/  = 270°  to  a.  the  angle  of  attack  corresponding  to  Cg 


If  6 is  the  pitch  angle  of  a rotor  section  relative  to  the  disk  plane,  the  angle 
of  attack  of  the  section  is  given  by 


where  r is  the  radius  to  the  section.  Dividing  top  and  bottom  by  flR  = V. 
obtain 


or,  since  r/R  = X and  X = not  - w/V. 


cos  \p  + X(/J/fl)  - X 


If  one  substitutes  for  (3  and  0 using 


0 = 0O  + 0TX  + 0 j cos  4/  + 02  sin  [p  + Kp0 


0 a (J0  - a,  cos  \p  - b,  sin  ^ 


and  also  using  the  fact  that 

i 

0 d/J 

— = — = a.  sin  ^ - b.  cos 

S2  dif>  i 1 

one  obtains,  from  Equation  (4) 

{ 

j 

j 

a(r,i//)  a 0O  + 0TX  + 0,  cos  \p  + 02  sin  ^ + Kfl(^0  - a,  cos  \p  - b,  sin 

^ /i(/30  - at  cos  ^ - bj  sin  cos  ^ + X(aj  sin  ^ - bj  cos  ^) - X 

X + n sin  ^ 

Assuming  b,,  lateral  cyclic,  is  equal  to  zero,  one  obtains 

a(r,i/0  = 0Q  + 0TX  + 0j  cos  ^ + 02  sin  ^ + Kp(0o  - aj  cos  tjt) 


nP0  cos  \j/  - a,  cos2  \//  + Xat  sin  ^ - X 


Setting  Equation  (5)  at  = 270°  to  a results  in 


or,  equivalently 


am.*(X,  - M)  = VX,  - M)  + 0TXs  - dTX S ~ MXS  - **>  + KA(Xs  ■ + X + Xsal 


eT  X,2  + (-«m  ,x  + 0O  ~ »6T  ~ 6 2 + KA  + al  >Xs  + <“m  ax  ~ 60  + 6 2 ' W"  + X = ° 


or,  letting 


r = «m„-e»+92-KA 


c,  = (J-  + X 


one  gets 


The  correction  given  in  Equation  (3)  must,  however,  be  modified.  The 
derivation  given  in  Reference  4 assumes  a pie-shaped  stall  region  in  the  blade  disk 
(see  Figure  3).  Depending  on  the  inflow  ratio  and  blade  twist,  however,  it  is 
possible  for  the  blade  section  angles  of  attack  to  be  higher  inboard  than  at  the  tip, 
resulting  in  the  stall  pattern  shown  in  Figure  4. 


For  a given  value  of  X$,  the  stall  pattern  of  Figure  4 will  require  less  power 
than  that  assumed  by  Equation  (3).  The  dimensionless  radius  X0  is  the  other  root 
of  Equation  (6)  and  is  given  by 


To  correct  Equation  (3)  for  this  possible  “inboard”  stalling,  one  assumes  that  the 
stalled  region  is  diamond-shaped.  This  assumption  is  shown  in  Figure  5 for  varying 
values  of  p. 


Figure  5.  Approximated  Stall  Regions 


As  XQ  approaches  X(,  the  correction  for  stall  (CP  ) must  vanish.  As  the  average 
of  XQ  and  X,  approaches  unity,  Cp  must  approach  that  given  by  Equation  (3).  If 
one  combines  Equations  (7)  and  (8),  the  following  equation  results 


Xp  + X,  _ 

2 20t  ‘ 

Therefore,  the  factor  K,  is  defined  so  that  Kt  = 1 for  -B/28r  > 1 and 
decreases  linearly  to  zero  as  X0  approaches  X,  (i.e.,  -B/20T  -*•  Xf).  The  resulting 
equation  is 


C = K C 

PlCORRECTED  » p» 

where 


CORRECTION  FOR  COMPRESSIBILITY  EFFECTS 

Reference  5 provides  evidence  that  for  a n of  at  least  as  low  as  0.2  to  as  high 
as  0.5,  compressibility  losses  can  be  expressed  as  an  increment  in  C p/o.  This 
increment  is  a function  of  the  amount  by  which  the  drag-divergence  Mach  number 
is  exceeded  at  the  tip  of  the  advancing  blade.  Reference  5 also  states  that 
experimental  data  show  the  drag-divergence  Mach  number  to  be  approximately  0.06 
higher  than  two  dimensional  tests  would  indicate. 

From  this  reference  the  following  addition  to  the  power  coefficient  can  be 
formulated  to  account  for  compressibility: 


CPc  = o[0.012AMd  + O.lOO(AMd)3  ] 


AMd  = Mt(1  +h)~  Mcr1t  - 0.06 


or,  since  MT  is  the  tip  Mach  number 


VT  VT  + V 

AMd  - ( 1 + p)  - Mc  R 1T  ~ 0-06  - ~ R it  “ 

y C vc 


where 


mcrit  is  the  critical  Mach  number  of  the  advancing  blade  at  \p  = 90°.  Using 
Equation  (5)  and  setting  4>  = 90°,  X = 1,  and  bt  = 0 one  obtains 

«90  =0O+0T+02+Mo+TT7  <9> 


The  following  expressions  are  used  to  estimate  MCRIT 


mcrit  ~ mcritq  ~ mi  Ci 


where  MCRIT(),  the  critical  Mach  number  for  Cg  = 0,  can  be  obtained  for  various 
airfoils  from  Reference  6.  For  the  advancing  blade  at  \p  = 90°,  one  obtains 


where  An  is  the  slope  of  the  section  lift  curve. 


mcrit  - mcrit0  “ mi  * Ao  * “90 
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PROGRAM  HAIN(  INPUT*  OUTPUT  »TAF  E5» INPUT  t TAPE.  6«  OUT  PUT) 


C 

C BASIC  HELICGPTfcR  PlRFORNANCE  mNO  CONTROL —MCCORMICK 
C 

REAL  MCkO. M 1, MU, IFA, LAMDA, KP.KS.M.KBETA.LT. HUT, MCRIT.N.LV, MOMENT 
REAL  MUF  tI0i,MH,LAMC10»  , MONNT1 ,HOHNT2 ,MFUSE, MTAIL, MNING 
oIMENSIoN  OVNOT (10) ,0MPI < 10) ,OHPP( 10) , ONPPARC 10 ) . ChPS ( 10) ,OMPC (10) 
OIMlNSION  OCLBT  (10)  .OClBAR(  10)  ,CASE(20)  .CCOUNT(IO)  ,OhPT(10)  . 
1OHK10)  .OHPTc(lO) (OA1 (10) « CALPHA (10) ,OBETAO ( 10) , OTnET 0 (101 , 

ZOThtr 1 (1 C),OTHLT2(10) ,OPHI(10> 

DIMENSION  OTPRtS ( 10) . OMOMNT ( 10) ( OALPHT ( 10) (OTPCT Q( 10) ,OVINO (10 ) 

C 

C INPUT 
C 

RE AO (5, 101) CASE 
C AIRFOIL  OATA 

kE  Ad(  5 , 1 00) DELO,OELl,DEL2,CcMAX,AOlNCO,A4,A10,MCRO,Hl 
C FUSELAGE  ANU  GENERAL  DATA 

REAO(5,100)F,FW,RTRSTm,CGSTA,H,GN,LM0,CMALPO,EI,KF, AFD.CLO.XF, 

IN  t HT  , SHPMAX  (TNQPRSt  ONW SHK»HPACC (RIliOMK»TE,  ME,  FUSEMK.T  HET  2P, THET2M 
C TAIL  TRIM  SURFACE  OATA 

REAO< 5,100) ST.ALPHOO, AC PH1D , ALP H21)  , ART  , TLST  A , CLT MXP  ,CLTM XN 
C VERTICAL  TAIL  SURFACE  OATA 

READ  (St  100ISTV,  ALP  HVO, ARV  ,VTSTA,HV 
C MAIN  ROTOR  OATA 

KEA015, 100)  VT  , OMR ,6 »C , W, HT  ,l  , OEL3 0, THtT TO 
C TAIL  ROTOR  OATA 

RE  AO  (5  dOO)  VTT,DT*6T*CTR,TkSTA 
C OPERATING  CONDITIONS 

READ (5, 100) OEL VKT, V FIN, ALT, RHO, TEMP, PRESS, VC, THOESG ,HkTR 
C 

C IF  RHG  NOT  EQUAL  0.  INPUT  DENSITT  ANU  V C ARt  USEO 

C iF  kHO  EQUAL  0.  ANO  TEhP  = 999.  STaNOARO  ATMOSPHERE  IS  USEO 

C IF  RHU  b QUALS  0.  ANO  TbMP  NOT  EQUAL  999,  NON  STANOARO  ATMOSPNERk  IS 

C COMPUTE  0 USING  TtMP  ANO  PRESS 

C 

*F  (R HO  .Nt.  0.0  ) GO  TO  NO 
IFCTlMP  .EO.  999. )GO  TO  35 
TEMP  = 1.8* (TEHP  ♦ 2/3.15) 
kHO  = . 0391462*PRcSS/TEMP/32. 1/4 
VC  = SQkT (2.923956*PRESS/Rn0) 

GO  TO  40 

35  HT H = ALT/1C00. 

TEMP  = 518.66  - . 003566*ALT 

P.HO  = .0023?69*(  1.0  ♦ HTH*( -.028/5  ♦ • 00  02/5*HT H)  ) 

VC  = 49. u2*SQRT (TEMP) 

C WING  SURFACE  OATA 

40  RE ADi 5,100) SW, ALPHWD, ARW, HNGSTA, CCWMXP , CChuXN 

PRINT  50,OEC0,DlL1,OEC2,CLPAX,a01NCO,A4,A10,HCR0,M1 
PRINT  51»F,FV«kTRSTA, CGSTA, H, GW, CMO, CM ALPO ,EI, KF, AFO, CLO  , XF,N, HT,  S 
2HPMAX , TRUPFS, ONWSHK , FPACC.RTROHK, TE , HE, FUSEMK, THET2P, THET2N 
Pn.lNT  52,ST,aCPH0O,ALPH1L/,ALFH2O,ART,TLSTA,GLTMXP,CLTMXN 
PRINT  53  ,ST V, ALPHVU, ARV, VTSTA.HV 
PRINT  54, VT,DMk,B,C,W,WT,E,ObL2D,THETTO 
PRiNT  55  ,VTT,OT  ,o T.CTR, TRSI A 

PRINT  56, OELVKI , VFIN, ALT ,RHO, TEMP , PRESS, VC ,TH0ES0,NRTR 
PRINT  5/,  SW  .ALPHWD,  AtvW,  WNGSTA,  CLWMXP,  CLWMXN 


A-l 


- - «—■  MM  - . . 


R=OMR / 2 • 

FIGE  = *U.  - 1./<1.  ♦ 2.667*<HkTk/R>**2>) 

kTROHK  = RT R0WK*FI&E 

A=FIE*R*k 

OMfcGA*»/T/K 

HL  = (WNGS  TA-CGSTA) /12. 

TTL*< TLSTA-CGSTA)/12. 

ITLV  = (VTSTA  - CGSTAI/12.0 
LT  s CTRSTA  - CGSTA»/12. 

Y=  <kTPSTA-EGSTAI/12. 

GW=GWI 


vknot*o. 

OLLY  = OctVKT  *1.6678 
«OiNC«AOINCO*57.3 
<*F=AF  0*5  7.3 
CHmLP»EHALF0*57.3 
ALPHWx At PHW D/57.3 
A4.FHU*  At  FHO  0/57.3 
ALPHl-AtPHIO 
AtfH2*MtPH2G*57«3 
AlPHY=  At PHY  0/57.3 
ALPHr I=ALPHO 
TH utS-TH0ES0/57.3 
o£L3=0EL  30/ 57.3 
KGtTA=-0fcL3 
THETT=TMETT 0/57.3 
GW=GW*COS«HOES> 

AtFHMI*ALPHM 
G06AR*. 01 

WF*C=  ( l.+h/SQRT  <H*H+K*k)  ) *kTF.OWK 

HFACT  =Cl.*SQkT(H*H*TTt*TTt)/S  QRT <H*H*TTt*TTL*R*RI) *RTK0WK 
WRITE ( 6. 203)  CASE 
347  NCASE  = 0 


C START  OF  TRIM 


tO  500  I CASt*l . 10 
ALFHA=-20./57.3 
ALPHA  2 = 20./57.3 
HCASE-NCASi *1 
Q=RHO* V**2/  2. 

IF  (Q.ECI.  C.)  Go  TO  410 
F=  FI-GW1*  S1NITH0E  S) /Q 
410  CONTINUE 

A T=5.  73*ART/(AkT  *2.*  < ART  *4. >/IART*2.) ) 
AW=5.73*ARW/(ARH*2.*(ARH*4.)/CARW*2.)  ) 
ATV*5.73*Akrf/IARV*2.*(AR**4.  l/URV  + 2.)  I 
OE  POA  L * 2 • *A  M/ AkW/PIE*  ONHS  HK 
l/*Q*AT¥*ALPH Y*ST¥ 

MU*Y/WT 

0NOM=0.941“NU**2/2. 

All=4.MMU*.941/2.-NU**3/d.>/.941/DN0H 
A1 2*6 « *MU*. 97/3./ONOM 


A13»2.*NU*.  941/0N0H 
A 14*  ( . 9 4 !♦  1 . 5*NU**2 > /0N0N 
Bll*4.  *MU*.  97/3./  C.  941*MU**  2/  2.  ) 

F 1*.304 

F2*.941* ( #941 *MU**2 ) /4. 

F3*. 913*1. 941/5*MU* *2/6.  ) 

F4*MU*«  304 

Tl=(.941*MU**2/2#>/2# 

T 2*.  3 8 4*  • 9/  *H  U**2/2  . 

T3*.941/4.*  I.941*NU**2) 

T4=HU/ 2. 941*NU**2/4» ) 

MM* (R-E) **2  *M/2»* (R”E)*MT 
IFA*M/ 3.* (R-E »**3*MT* (R-L) **2 
IF*»=IFA/  32.  2 
TAU*HM/IFA/ONE GA**2 
GAMF=C*RHO* AOINC’R**  4/2./IF  A 
00  = 0*F 
ACL*AOINC 

CHmYs  B*M/32.2*0MEGA  **2*t*R*R/4»*(l» *2 **NJ/M/R) 
OK*V*8*C*OiBAR*RMO*R*VV4. 

T * GM*h 

00  64  IMT  * 1.10 
CT=T/A/RH0/VT/VT 
SIG=9*C/PI£/R 
PHI  = -Ofl/T 

MVT*S«RT  (.5*(-rtU**2+SMRTtMU**4«’CT**2»n 
00  62  JNT  * 1.10 

FMtlT  * NVT**4  - 2 #*MU*PHI*NVT**3  ♦ HU**2*MVI**2  - (CT/2.)**2 

OF MVT  = 4.*MV T**3  - 6.*MU*FHI*MVT**2  ♦ 2.*MU**2*MWT 

UcLMVT  = -FMVT/DFNVT 

MVT  * MY  T * OELMVT 

IFCDElnVT  .LT.  «09*mVT)  GO  TO  61 

62  CONTINUE 
FRiNT  63 

63  FORMAT (*  MT  GIu  NUT  CONVERGE*) 

61  CONTINUE 

T * N* (GM  ♦ KH0/2.*(HVT*MFAC*VT)**2*FV) 

CT2  = T/ A/RHO/ VT**2 

IF  (ASS (CT2  - CTI/CT  .LT.  .01)  GO  TO  69 

64  CONTINUE 
69  TI  = T 

OELAT  * 0. 

Occam* o. 

IF (MU.EQ.O. )G0  TO  411 

OELAT*  MV  T/MUM1.  ♦SQRHH**2  + TTL**  2)  / SORT  (H**2»R**2*T  TL**2)  )*RTROMK 
OELAT  = ATAN(OcLAT) 

CELAM*  MVT/MU*(1.*SQRT 4H**2*ML **2) /SORT (H**2»ML**2*k**2 ) ) *«TRDMK 
Occam  * ATAN(OLLAM) 

411  CONTINUt 

ALPHT*mLPHTI-OELAT 
ALFHH=AlPHMI-DcLAH 
COUNT* 0. 

SMITCH*0. 

23  CLM*AM*  (mLPHM+ALFHA  ) 

IF ( CL M. LT .CLMMAN) CLM*CLMMXN*CO SICLM/AM ) 

IF (CLM.GT .CLHHXP) CLH*CLMMXF*COStCLM/ AM) 

IF (SNITCH  . ECU  0.0)  ALFHT  = ALFiO  - ALPMl**2/4. /ALFN2  - OELAT 


f- 


175 


ItL 


165 


150 


155 


200 


2U5 


210 


215 


220 


225 


0LT*AT» (At PHI ♦aLPHA-UEPOmL«OLW/ AH) 

IFiCLT.LT.CLlHXNtCL T* LL THXN *CO S ( CL T/AT > 

*F  U,lT.GT.CLTMXP)LLT=CLTMXP*COSICLI/AT> 
GlBa*<ST«ClT*CLT/AKT*SW*CLW*CLW/ARW)7PIE/.65 

I = T I - U*  <ST*CL T ♦ SW*CLH  ♦ k**2* <AF* (ALPHA  - OF  LAW)  ♦ CL  b) > 

IJ  - Cl  0 ♦ 01 

»l=-(  ALPHA-*  (U*UR>  /T  » 

C 

C START  OF  COFTROc  FQSI1IONS 
C 

h«(  v»vn/vc 

LhMOA*HU*ALPHA-HVT 

LAHtICASL)«LAMOA 

hUMXLASEI»NU 

THtTI«<2.*CT/AoL/SIG-LAN0A»Tl)/T2 
3£TA0=CmHF* (L AH0A*Fl»THtTQ»F24T-tETT*F3l -TAU 
THETl*8ETA0*dll>KBET A*AL 

T HtT2=  CA  l**tAHOA*All"CIHET  0 + KSETA+3ETA0)  '•A12-THE TT*A13  ) /Al  A 
00  5 1=1,5 

T HLT  0*  ( 2,*CT7  ALL/S1G-LAND AM 1“KBETA*8ETA8*T2“THETT*T3  -THET2*T5> /T 2 
oETAO«>,mNFMLAhOA*F  l*THtTQ*F  2*  KBET  A*8tl  A0*F2*THETI *F3+THE  T2*FI»)-TA 
1U 

THtTl»btTAO*i»ll*KBETA*Al 

TMET2* («1-LAM0A*A11-1 TH£TO*KB£TA*BlTmQ) *A12“THETT*A13) 7 A15 
IF<TntT2  .LT.  THET2N757.3)  TNET2  = THE T 2N/57, 3 
5 IF1THET2  .GT.  THE T2P/57.3I THFT 2 « THET2P/57.3 
ALPHT“  AlPH0*ALPH1*THlT2*ALFH2MHET2**2  -OtLAT 
CL  T«AT* ( ALP HT  ♦ALPHA-06P0 AL*CLN/AH) 

IFIClT.LT.CLTHXMCL T= CLTHXh*COS«CLT/A T ) 

IF  LCLT.GT.CLTMXP)  CLT«CeTHXP*C0S1CLT/AT  ) 

UV*RH0/2.*<WVT*VT>**2 

HFUSE  = QV*R**3*FUSEMK 

MFUSE»MFUSE*WFAC**2 

mtail=uvmtl*st*i.3 

HTAIl*MTAIL*HFACT**2 

NHING=QV*HL*SM*1.3 

HH ING=  NH  ING*NFAC**2 

mtail*mtail-q*ttl*st*clt 

rtHING=HWING-0*WL*SH*CLW 

MFUSc.  = HFUSE  ♦ Q*k**3MCH0  ♦ CHALPM  ALPHA  - OELAH) )-  XF*0*R**2*tA 
1FMALPHA  - QcLAH)  t CLO) 

N OH ENTbT*A1*H-T*V*NTAIL* AWING* AFUSE*OR* H*CHAV*Al“Ht*T£ 

C 

C START  OF  CONVERGENCE  SCHEME 
C 

XF (SWITCH) 2 1, 22,25 
22  HOMNT 1=H0MENT 
ALPHA 1 = ALPHA 
ALPHA  = ALPHA  2 
SWITCH  = -1. 

GO  TO  23 
21  HOMNT 2c MOMENT 
KEY  * 0 

IF  I NON NT  2*H0MNT1  .LE.  0.)  GO  TO  32 
PRINT  205,ICASE 

205  FORMAT t*  XNXTXAL  ALPHAS  00  NOT  BRACKtT  ZERO  MOMENT  CC0UNTb»,12) 
ALPHA  > 1.2*ALPHA1 


ALFHA2  * 1*  2* ALPHAS 
SWITCH  >0.0 
60  TO  23 

26  H0HNT3  > MOMENT 
KET  > KET  ♦ 1 

IFIKtT  ,LT.  3)  GO  TO  23 
IF(AB5><HCNfcNT>  - GM/SOO. >26, 26,27 

27  IF  INOHNT 3*H0MNT2  .CE.  0.1  GO  TO  26 
ALFHaI  « ALPHA 2 

MOUNT 1 > MOMNT2 
60  TO  29 

26  HOMNT1  » MOHNT l*HOMNT2/ (H0MNT2  ♦ NUHNT  3) 

29  ALPHA2  « ALPHA3 
NJMNT2  = M0MNT3 

32  ALPHAS  * Mv*MNT2*ALPHA  1/  ChOHNT  2 - NCHNTH  ♦ NOMhTl*  ALPHAS/  (M0MNT1 
1-  HQHNT2  I 
ALPHA  = ALPHA 3 
SHITCH=1. 

O0UNT  > COUNT  *1. 

IF (COUNT  .GT .90.)  GO  To  26 
GO  TO  23 
26  CONTINUE 

CCOUNT < ICASt)  = COUNT 


C START  OF  POWER  CALCULATIONS 


PI=C1.+£II*T*N»T*YT 
CLoAKsb. *CT/SIG 

C0eA«*0tL0+DLLl*CLBAR*0tL2*CLBA?**2 
CPP*S IG  * CC8 AR/t)< 

PP=CPP*KHO* A* VI **3* ( 1 •♦KP*HU**2) 

PPAR= D* V 
HPI=PI/550. 

HPP=PP/550. 

HPFAH.=PP«R/S50« 

P = PI  ♦ PP  ♦ PPAR 
TT*P/OHEGA/Ll  -L \l*  TTL»//LT 
HUT=V/tfTT 

MKtAT*PIt*CT**2/6. 

CTT*TT/KH0/mR£AT/VTT**2 

hi/TT  = SQRT  (•  5>»-HUT»*2»S0RT(HUT**6*CTT**2l  ) ) 
PIT=( l.+fcl) ♦TT*MXTT*VTT 
SIGT=BT*CTP/PIt/DT*2. 

0LBT=6.*CTT/SIGT 

COdT=DELO*DELl*CLBT*OEL2*CL8T»2 

lPPT=SI6T*LObT/6. 

PPT=CPPT*RH0>AREAT*VTT**3*U,.*KP*iUT>*2» 
hPT>(PIT+PF T)/550. 

HP  = HP I ♦ HPP  ♦ HPPAK  ♦ HPT 
6AHHA>ClMAX/A  0 INC “THtTO  +THt I 2-K8LT A*3ET AO 
o5=«l-NU*THETT-GAHHA 
CS=MU*GAMhA ♦LAUDA 
IF  J8S**2“6. *THtTT*CS>7,6,6 
6 XS>l-BS+iQRUBi>»>2-4.*THtTT*CSn/2./THETT 
X0=-XS-3S/TH£TT 
IF  <XS-1.  190  0.7.7 
900  I F (XS 17.7,6 


o CPS=SIu*  »1.-HU)**2*  <1.-XS)*SUNTI1.-AS**2)/2G./PIL 
IF  UX0frXS>/2.-l.  > S.  1-.10 
> i KS=-Usi/2./THtIT*XS)/Cl.-X:») 

GO  TO  11 

10  KS=1. 

11  CPS=KS*CPi> 

GO  TO  12 

7 CPS=0. 

12  AEP9Q  = KBETA*6£  I AO^THiiT  G + I HcT  2*T it! I ♦(LANOA-At) / < l. ♦HJl 
A3=ACInC*(l.»AG*H  **G»A10*M**10) 

HGRIT  = «iCkO-  Ml*  AO*  ALP9  0 
IF  (HCKI T)13,l5»15 

15  IF  (M-l.)  1G, 13,13 

13  MK1TE ( 6«  2 00) VKNOT 
GO  TU  17 

1 G OtLMO*M-MCFAT-.06 
IF(OELHO)17,17,16 

16  CPc=SIG*C.012*CELMO*.  l*Ottr.O**3) 

GO  TO  16 

17  lPC=0. 

16  HPS=KHO***VT**3*CPS/550. 

HPC=R  Hu*  A*W  T*  • 3*t  F:  / 55  0 . 

HPTC*HP*HPS*HPC 
F = 550  •*  JHPTC-HFT) 

T T*P/ OML  G A/ LT*L  Y * TTLV /LT 
MUT=(//VTT 

mREAT =PIc*0 T**2/G. 

OTT-TT /RHU/ AR£mT/YTT**2 

H VTT=SQAT  C«5*  ( -MUT**2*SQRT  INOT**G*CTT  **2) ) ) 

PII=(1.*EI)*T  T*MY  TT*G  TT 

U-k»T=6.*CTT/SI6T 

G06T=OtL  O+OcL 1*CL6T *0£L2*CLBT**2 


320 


325 


330 


335 


3 GO 


C 

C 

C 

C 


GPPT*SIGT*EDBI/6. 

PPT=CPPT  *RHO* AREAT*tfT  T**3* ( 1.*  KP**JT**2> 

HPT*(PIT*PPT>/556. 

HPTC  * MPI  ♦ HPP  ♦ MPPAR  ♦ HPT  ♦ HPACC  ♦ HPS  ♦ HPC 
TPRES  = HPTC/ C • 023206*011 

PERCENT  TOKCUE  COMPUTATION 

INPUT  OICTATES  IF  PERCENT  TORQUE  OR  TORQUE  PRESSURE  IS  OESIRE0 


PCTQ  = 1J0*  «1.1*CHPTC 
B1*-(TT*HT*U*HV)/T/H 
PHi=-«TT*LV)/T-Bl 
THETlaTHETl-Bl 
A 1=A1*57 • 3 
ALPHA0=ALPHA*57.3 
B£TA0*6ETA0*57.3 
THET0*TH£T0*S7.  3 
THET1*THET1*57.3 
TH ET2=THfcT2*57.3 
PHI»PHI*57.3 
OTPRES UCASt) *TPR£S 
OTPCTQt ICASt)  * PCTQ 
OCLBT I ICASE )*CLBT 
OCLBAK ( I CASE)  *CL8AR 
OVNOT (ICAS£)*VKNOT 


HPT  - H* ACC)  * HPACC) /SHPNAX 


A-6 


345 


350 


355 


360 


365 


0 V IND  ( ICASE ) s 9KNOT*SQkT (RHU/. 002377) 

OHFI ( iCA  SE) =HPi 

oHFP ( ICASt) =rtPP 

QHPPARt ICASE) *hPPAR 

OH  PS  I ICASE) =H PS 

OHPCIIoa  SE)=hPC 

OHFT (ICASE) * PPT 

UHP(ICASt)*HP 

OHPTC (ICASE )= HP TC 

UA1(IoaS£)=a1 

OALPHA(ICASfc) =ALPHA0 

U9ETA0 (ICASE) = oET AC 

OTHcT  0 (ICASE)  =THET0 

0 T HcT  1 (I  CASE)  = T HE  T1 

0TH£T2< ICASE)  =THET2 

OP HI ( ICASE )=FHl 

OrtOMNT  (ICASE)=HOMENT 

OALPftT  ( ICASE)  =ALPHT  *57,  3 

9=V+0ELW 

9KNOT  = 9/l.bo78 
IF  (9KNOT.  Gc.  ,9  FIN)  GO  TO  501 
500  CONTINUl 

FIN«L  OUTPUT  SECTION 


501  PRINT 

70  1 

, ( QVNcTt I) ,1=1, NCASE) 

PRINT 

750 

.(OtflNO(I) ,1=1, NCASE) 

370 

PRINT 

702 

,(OHPx(I),I=l, NCA  SE) 

PRINT 

703 

, (UHPP (I ) • Is ltNCASL) 

PRINT 

704 

, (OHPPAK(I), 1=1,  NCASE) 

PRiNl 

70  5 

• ( OHPT ( I ) « 1=1 , NCASE > 

PRaNT 

70b 

. (OHPtl) ,1=1, NCASE) 

3 75 

PRINT 

707 

,(OHPSU), 1=1,  NCASE) 

PRINT 

700 

,(UHPCU>,  1=1,  NCASE) 

PRINT 

709 

, (OHPTC(I) ,1*1, NCASE) 

PRINT 

710 

, ( OA 1 ( I)  « I = 1 , NC A SC  ) 

PRINT 

711 

,(GaEPHA(I),I=1,NCASE) 

360 

PRINT 

712 

.(OBETAO(l), 1=1, NCASE) 

PRINT 

713 

, (OTHtTO (I) ,1*1, NCASt) 

PRINT 

714 

, COTHET1 (I), 1=1, NCASE) 

PRINT 

715 

,(OTHET2(I) ,1=1, NCASE) 

PRINT 

716 

.(OPHKI),  1 = 1,  NCASt) 

305 

PRINT 

717 

, (LAM(I) ,1=1, NCASE) 

PRINT 

716 

, (MUF(I) ,1  = 1, NCASE) 

PRINT 

719 

• ( 0CL6AK (I ) , 1= 1 ,NC A SE) 

PRINT 

720 

, ( OCLBT ( I) ,1=1, NCASE) 

PRINT 

722 

, (OTPkESCI), 1=1, NCASE) 

390 

PRINT 

721 

, (OTPCTQ(I) ,1=1 , NCASE) 

PRINT 

724 

» (UMQMNT (I ) , 1=1, NCASE ) 

PRINT 

725 

, (OALPHT(I), 1*1, NCASE) 

PRINT 

600 

, CCCOUNT II) ,1*1 , NCASE) 

IF (VKNOT , 

CT.VFIN)  GO  TO  347 

395 

PRINT 

727 

,F 

STOP 

50  FORMAT  I* 

OEL  0=*,F1 0, 5, • 0EL1=*,F10, 5,* 

IF  10.3 

A0INCO«*,F10,3,*  A6**,F1 0,5 ,* 

D£LZ=*,F10.5,* 

Al#***F10,4*/»* 


CLMAX**, 

F 


408 


*05 


418 


<•15 


420 


<•25 


<•30 


<•35 


<•<•0 


<•<•5 


<•50 


51  FORMAT I*  F**,F10.2,*  Fv**,F10.2,*  RTRSTA** ,F10. 2,*  LGSTA**,F10 

1.2  »*  M*  *»F 10 ,3  «*  GW**, Flu, 1/*  CKO**, FlO.b,*  CM ALPO**, FlO. 6 , 

2*  El* •»  FlO .3, * KP**,F10.2, * AFO**,F 18.3,*  CL  0** ,F 10. 6 ,*  XF**  , 

3F 10. 3/ * N*  *,F10, 2, • HT«*,F10.S,*  SHPMAX** ,F10. 2 ,*  TRQPRS**, 

4F  1 0. 1 » * ON WSHK** ,F10 .2, * HPwCC**, F10. 1/*  RTROWK**, FlO. 1, 

5*  TE**, F10.1,*  M£**«F 10.2,*  FUSEMK** ,F10, 5,*  T HET2P** ,F10. 2/* 

6 T HtT 2N**,F10.2) 

52  FORMAT!*  ST**,F10.2,*  ALPH  00**,  FlO.  3,  * AlPHIO**, F10.3 , • ALPH20 

1=*, FI 0.3,*  ART**,F10 .2 , * IL STA** ,F1 0.2,*  CLTNXP**,F10. 3/*  CLTN 

2Xn**,F  10,  3) 

53  FORMAT!*  STV**,F 10. 2,*  ALPH VO**, F 10. 4, • ARV**, FlO. 2 ,*  VTSTA**, 
1F10.2, * HV** , F 10 .3 ) 

54  FORMA  T C • VT=*,F10.2,*  OMR**, FlO. 2,*  B**,F10.0,*  C**,F18.3, 

1*  W=* ,F 10. 3«*  HT** ,F10. 3/*  E**,F 10.3,*  DEL30**, FlO. 3, 

2*  THLTT0**,F10. 1) 

55  FORMAT!*  VTT** ,F 10 . 2,*  OT=*,F10.2,*  dT«*,F10.0,*  CTR=*,F18.3, 

1*  TkSTA**,F1Q.3> 

5b  FOnNATl*  JtL VKT=*. FlO .1 ,*  V FIN**, F 10. 1, • ALT**, FlO .2 , * RHO**,F10. 
16,*  TEMP**, FlO. 3,*  PRESS**, FlO. 2/*  VC**, FlO. 2,*  THOtSO**,F 10. 2,* 


2m*TR=*,F1Q.  1) 

5 7 FORMAT!*  SH=*,F10.2,*  ALPHMD=*,F10. 2,*  ARM** , FlO. 2,*  MNGST  A=*  , 
lFlO.l,*  CLWHXP=*»F10.3,*  CLMHXN*  *,F10«3) 

100  FORMAT ( OF  10. 4> 

101  FORMAT ( 20A4) 

200  FORMAT  I * COMPRESSIBILITY  CORRECTION  OOOBTFUL  V=*»F5«1,*KNDTS*) 
203  FORMAT !//lX ,20A4) 

TO  1 FORMAT !/✓/*  VE LOC IT T, KNOTS 
T02  FORMAT!*  MAIN  KOTOR  .NOUCEO  KONlR.HP 

703  FOkMATI*  MAIN  KOTOk  PROFILE  POWER, HP 

704  FORMAT!*  NwIN  ROTOR  PARASITt  POMtR.HP 

705  FOKMATI*  TAIL  KOTOk  POWER, HP 

706  FORMAT!*  TOTAL  UNCORKtCTEO  POWER, HP 

707  FORMAT!*  STALL  POWER  CORRECTION, HP 
70c  FOKMATI*  CONFKESS  POWtK  COKKLcTI ON, HP 
705  FORMAT!*  TOTAL  CORRECTED  POWER, HP 

LONGITUDINAL  FLAPPING • OtS 


710 

711 

712 

713 

714 


FORMAT!* 
FORMAT ! * 


*,  1 OF  10.lt 

• , 10F10.1) 

*,  10F1Q. 1) 

* , 10F10. 1 ) 

*,  1 OF  1 0.  1) 

• , 1 OF  1 0.  1) 

*•1  OF  10.1) 
*,10F10.1> 

*,  1UF10.  1) 
*,lbF10.2) 


DISC  PLANE  AN6Ll-OF-ATTACK,OEG*,10F10.2) 


FOKMATI*  MAIN  ROTOR  CONING, OEG  *,10F10.2) 
FORMAT!*  MAIN  ROTOR  CoLLlCTI VE • DEG  *,10F10.2> 
FORMAT!*  LATERAL  CYCLiw  FITCH, OEG  *,10F10. 2) 


715  FORMAT!*  LONGITUDINAL  CYCLIC  PITCH, OEG  *,10F10.2> 


FUSELAGE  ROLL  ANULE.OlG  *,10F10.2) 

LAM30A  * • , 1 0F18, 3) 

HU  * • , 1 0F1 0. 3 ) 

AVG,  ROTOR  CL  *,10F10.2) 

AVG, TAIL  ROTOR  CL  *,10F10.2> 

721  FORMAT!*  PERCENT  TOROUE*  *,10F10.1> 

722  FORMAT!*  ToRUUt  PRESSURE*  *,  10-10.1) 

MCMEHT  UN6ALANCL*  *,10P10.1) 

horizontal  tail  incidence  *,iofio.i> 

F = *,  FI  0.  4) 

InOICATEO  AIRSPEED, KNOTS  *,10F10.1) 

ITERATION  COUNT*  *,ll)F10.1> 


716  FORMAT!* 

717  FORMAT!* 
71o  FOKMATI* 
71 S FORMAT!* 
720  FORMAT!* 


724  FOkMATI* 

725  FOkMATI* 
727  FOKMATI* 
75 U FOKMATI* 
oOO  FOKMATI* 


L,<0 


INPUT  GUIDE 


f 


CARD  TYPE  1 - FORMAT  20  A4  - RUN  NOMENCLATURE 


Card  No.  Column  Symbol 


Description 


1 


1-80  Case 


Title  of  Run 


CARD  TYPE  2 -FORMAT  8F10.4  - AIRFOIL  DATA 


Card  No. 

Column 

Symbol 

Description 

1 

1-10 

DEL0 

Constant  term  in  definition 
of  Cd 

11-20 

DELI 

Linear  term  in  definition 
of  Cd 

21-30 

DEL2 

Quadratic  term  in  definition 
of  Cd 

31-40 

CLMAX 

Maximum  lift  coefficient 

41-50 

AOINCD 

Zero  lift  line  incidence 
angle  (deg) 

51-60 

A4 

AO  = AOINCD  (1 

+ A4  • M4  + A10  • M10) 

61-70 

A10 

AO  = AOINCD  (1 

+ A4  • M4  +A10  • M10) 

71-80 

MCRO 

Critical  Mach  number  for 

c8  = 0 

2 

1-10 

Ml 

Constant  in  definition  of 
critical  Mach  number 

Mcrit  = MCRIT0“ml^e 

CARD  TYPE  3 - 

FORMAT  8F10.4  - 

FUSELAGE  AND 

GENERAL  DATA 

Card  No. 

Column 

Symbol 

Description 

1 

1-10 

F 

B-l 

Equivalent  flat  plate  area 
in  the  horizontal  direction 
(ft2) 

CARD  TYPE  3 - FORMAT  8F10.4  - FUSELAGE  AND  GENERAL  DATA  (Cont'd) 


Description 


Column 


Equivalent  Hat  plate  area 
in  the  vertical  direction 
(ft2) 

Main  rotor  axis  station  (in.) 
Center  of  gravity  station  (in.) 
Height  of  main  rotor  above 
eg  (ft) 

Helicopter  gross  weight  (lb) 
Fuselage  moment  coefficient 
at  a = 0 

Slope  of  fuselage  moment 
coefficient  (1/deg) 


RTRSTA 

CGSTA 


CMALPD 


Fractional  increase  in  rotor 
induced  power  above  ideal 
(generally  0.12  < El  < 0.15) 
Constant  in  expression  for 
rotor  profile  power 

(Pp  = pPo(i+kp*m2)) 

Slope  of  fuselage  lift 
curve  (1/deg) 

Fuselage  lift  coefficient  at 
zero  angle-of-attack 
Distance  aft  of  eg  where 
fuselage  moment  and  lift 
are  assumed  to  be  acting 
Load  factor  = 1 + a/g  where 
a = acceleration  in  direction 
of  rotor  thrust 
Height  of  tail  rotor  above 
eg  (ft) 

Value  of  shaft  horsepower 
corresponding  to  TRQPRS 
on  torque  meter 
calibration  curve  (HP) 


SHPMAX 


' 


CARD  TYPE  3 - FORMAT  8F10.4  - FUSELAGE  AND  GENERAL  DATA  (Cont'd) 


Card  No. 

Column 

Symbol 

Description 

3 

1-10 

TRQPRS 

Reference  value  of  torque 
meter  pressure  (preferably 
the  maximum  readable  on 
the  meter) 

11-20 

DNWSHK 

Arbitrary  correction  to 
downwash  at  tail  due  to 
wing  (usually  1.0) 

21-30 

HPACC 

Horsepower  allowed  for 
accessories 

31-40 

RTRDWK 

Arbitrary  correction  to 
downwash  at  fuselage  wing 
and  tail  due  to  main  rotor 

41-50 

TE 

Thrust  due  to  engine 
exhaust  (lb) 

51-60 

HE 

Height  of  engine 
thrust  above  eg  (ft) 

61-70 

FUSEMK 

Arbitrary  correction 
factor  to  fuselage 
moment  (normally  1.0) 

71-80 

THET2P 

Maximum  positive  value 
for  longitudinal  cyclic 
pitch  (deg) 

4 

1-10 

THET2N 

Maximum  negative  value 
for  longitudinal  cyclic 
pitch  (deg) 

CARD  TYPE  4 -FORMAT  8F10.4-TAIL  TRIM  SURFACE  DATA 


Card  No. 

Column 

Symbol 

Description 

1 

1-10 

ST 

Horizontal  tail  planform 

• 

area 

11-20 

ALPHOD 

Constant,  linear,  and 

quadratic  terms  (deg)  in 

• 

definition  of  tail  incidence 

B-3 


CARD  TYPE  4 -FORMAT  8F10.4-TAIL  TRIM  SURFACE  DATA  (Cont'd) 
Card  No.  Column  Symbol 


Column 

Symbol 

-la.  -- 

• 

21-30 

ALPH1D 

angle  (deg/rad)  as  a function 

of  longitudinal  cyclic 

31-40 

ALPH2D 

pitch  (deg/rad2) 

41-50 

ART 

Tail  aspect  ratio  = 

| 

span/mean  chord 

51-60 

TLSTA 

Station  of  tail  center  of 

pressure  (in.) 

61-70 

CLTMXP 

Maximum  tail  lift  coefficient 

in  the  positive  (up) 

direction 

71-80 

CLTMXN 

Maximum  tail  lift  coefficient 

in  the  negative  (down) 
direction 


CARD  TYPE  5 -FORMAT  8F10.4  - VERTICAL  TAIL  SURFACE  DATA 


Card  No. 

Column 

Symbol 

Description 

i 

1-10 

STV 

Vertical  fin  planform 
area  (ft2) 

f 

11-20 

ALPHVD 

Yaw  angle  of  vertical 
fin  (deg) 

21-30 

ARV 

Aspect  ratio  of  vertical 

j 

fin 

3 M0 

VTSTA 

Vertical  fin  station  (in.) 

41-50 

HV 

Height  of  vertical  fin 

r 

center  of  pressure  (ft) 

CARD  TYPE  6 - FORMAT  8F10.4  - MAIN  ROTOR  DATA 


Card  No. 

Column 

Symbol 

Description 

1 

1-10 

VT 

Rotor  tip  speed  due  to 

rotation  (ft/s) 

1 1-20 

DMR 

Main  rotor  diameter  (ft) 

2*1-30 

B 

Number  of  main  rotor 

blades 

& 


CARD  TYPE  6 - FORMAT  8F10.4  - MAiN  ROTOR  DATA  (Cont'd) 


f 

I 


Card  No. 

Column 

Symbol 

Description 

j 

1 

31-40 

C 

Mean  chord  of  main 

rotor  blade  (ft) 

41-50 

W 

Weight  of  main  rotor 

blade  per  foot  (lb/ft) 

51-60 

WT 

Main  rotor  tip  weight  (lb) 

61-70 

E 

Flapping  hinge  offset  as  a 

fraction  of  rotor  radius 

71-80 

DEL3D 

Flapping  hinge  angle  (rate 

of  change  of  blade  pitch 
with  respect  to  blade 
flapping) 


2 

1-10 

THETTD 

Total  blade  twist  from  root 

to  tip  (negative  for 

washout) 

CARD  TYPE 

7-  FORMAT  8F10.4 

-TAIL  ROTOR 

DATA 

Card  No.  Column 

Symbol 

Description 

1 

1-10 

VTT 

Tail  rotor  tip  speed  due 

to  rotation  (ft/s) 

11-20 

DT 

Tail  rotor  diameter  (ft) 

21-30 

BT 

Number  of  tail  rotor 

blades 

31-40 

CTR 

Mean  blade  chord  of  tail 

rotor  blade  (ft) 

41-50 

TRSTA 

Tail  rotor  station  (in.) 

CARD  TYPE 

8 - FORMAT  8F10.4 

-OPERATING  1 

CONDITIONS 

Card  No.  Column 

Symbol 

Description 

1 

1-10 

DELVKT 

Velocity  increment  (kn) 

11-20 

VFIN 

Velocity  which  is  a small 

increment  above  final  velocity 
to  be  considered 


B-5 


CARD  TYPE  8 -FORMAT  8F  10.4  - OPERATING  CONDITIONS  (Cont'd) 


Symbol 


Column 


Altitude  (ft) 

Air  density  (slugs/ft3) 

Note:  RHO  * 0, 

density  and  VC  are 
input. 

RHO  = 0,  and 
TEMP  = 999.0, 
standard  atmosphere 
is  used. 

RHO  = 0,  and 
TEMP  * 999.0, 
nonstandard  atmosphere 
is  computed  using 
temperature  and 
pressure. 

Temperature  (°C) 

Pressure  (mb) 

Speed  of  sound  (ft/s) 

Aircraft  descent  angle 
(negative  if  ascending) 

(deg) 


TEMP 

PRESS 

VC 

THDESD 


41-50 

51-60 

61-70 

71-80 


Height  of  rotor  above 
ground. 

Note:  HRTR  determines  a 
correction  for  inground 
effect  (IGE)  flight.  If 
HRTR  > ~ 50,  no 
correction  is  made  and 
magnitude  of  HRTR  is 
unimportant. 


HRTR 


CARD  TYPE  9 -FORMAT  8F10.4-WING  SURFACE  DATA 


• 

Card  No. 

Column 

Symbol 

Description 

1 

1 

1-10 

SW 

Wing  planform  area  (ft2) 

“ 

11-20 

A.LPHWD 

Wing  incidence  angle  (deg) 

21-30 

ARW 

Wing  aspect  ratio 

31-40 

WNGSTA 

Wing  station  (in.) 

1 

41-50 

CLWMXP 

Maximum  wing  coefficient  of 

1 1 

lift  in  the  postive  (up) 

direction 

51-60 

CLWMXN 

Maximum  wing  coefficient 

*353 
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Longitudinal  Cyclic  Pitch  Venus  Velocity  — Flights  3 and  6 


Figure  D-4.  Angle  of  Attack  Versus  Velocity  — Flights  1 la  and  12 


Figure  D-5.  Horsepower  Versus  Velocity  - Flights  11a  and  12 
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NOMENCLATURE 


1 


Term  Mnemonic 


A 

A 

ACL 

AF 

a 

ALPHA 

“m.x 

“r 

ALPHT 

«V 

ALPHV 

a 

w 

ALPHW 

a0D 

ALPHOD 

“l  D 

ALPH1D 

a2D 

ALPH2D 

Definition 

Units 

Rotor  disk  area  = *R2 

ft2 

Slope  of  airfoil  section 
lift  curve  = dCfi/da 
for  M = 0 

1/rad 

Slope  of  fuselage  lift 
curve 

1/rad 

Disk  plane  angle  of 
attack 

rad 

Angle  of  attack 
corresponding  to 

c8 

m ax 

rad 

Angle  of  attack  of  the 
horizontal  stabilizer 

rad 

Yaw  angle  of  the 
vertical  fin 

rad 

Wing  incidence  angle 

rad 

Constant  term  in 
equation  defining  tail 
incidence  as  a function 
of  longitudinal  cyclic 
pitch 

deg 

Linear  term  in  tail 
incidence  equation 

deg/rad 

Quadratic  term  in 
tail  incidence 
equation 

deg/rad 

LidiLMi 


Term 

Mnemonic 

Definition 

Units 

“90 

ALP90 

Angle  of  attack  of 
the  advancing  blade 
at  * = 90° 

rad 

AREAT 

Tail-rotor  disk 
area  = 1/4  irD2 

ft2 

fiR 

Aspect  ratio  for 
rotor 

dimensionless 

ART 

Horizontal  stabilizer 
aspect  ratio  = span/ 
mean  chord 

dimensionless 

fiRv 

ARV 

Vertical  fin  aspect 
ratio 

dimensionless 

ARW 

Wing  aspect  ratio 

dimensionless 

AT 

dCL/da  for  the 
horizontal  tail 

1/rad 

ATV 

dCL/da  for  the 
vertical  tail 

1/rad 

AW 

dCL/da  for  the 
wing 

1/rad 

AO 

Slope  of  section  lift 
curve  (function  of 
local  Mach  number) 
for  A0  lift  line 

dimensionless 

\nc 

AOINC 

Incidence  angle  of 
zero  lift  line 

rad 

31 

A1 

Longitudinal  flapping 

rad 

E-2 


Definition 


Mnemonic 


dimension  ten 


Term  in  equation 
defining  AO  in  terms 
of  Mach  and  AOINC 
AO  = AOINC  ( 1 +A4 
M4  +A10  • M10) 


dimensionless 


Term  in  equation 
defining  AO 


Term  in  definition  of  dimensionless 
THET2 

A , , 4QxBp/  2 - fi3/8) 


dimensionless 


Term  in  definition  of 
THET2 


Term  in  definition  of  dimensionless 
THET2 


dimensionless 


Term  in  definition  of 
THET2 


dimensionless 


Number  of  blades  on 
main  rotor 


Main  rotor  coning 
angle 


BETAO 


dimensionless 


Term  in  definition  of 


Definition 


Mnemonic 


Number  of  blades  on 
tail  rotor 


dimensionless 


Effective  dimensionless 
main  rotor  radius 
(accounts  for  loss  of 
thrust  toward  blade 
tips) 


dimensionless 


Lateral  flapping 


Term  in  definition  of  dimensionless 
lateral  flapping  (0 , ) 

4"Bo 


Mean  chord  of  main 
rotor  blade 


CASE 


ALPHANUMERIC 
TITLE  OF  RUN 
(up  to  80 
characters) 


dimensionless 


Internal  counting 
array 


CCOUNT 


dimensionless 


Estimate  of  coefficient  dimensionless 
of  drag  (main  rotor) 


CDBAR 


CDBT 


dimensionless 


CGSTA 


Center  of  gravity 
station 


Term 


Mnemonic 


Definition 


Units 


CHAY 


Ratio  of  rotor  hub 
moment  to  a 
hinge  offset 


moment  to  a,  due  to 


B • W 

k=l JI  * 


2 

* • p • - ■ ■ 


4 


E-5 


ft-lb/rad 


/ 2Wt  \ 

("wrJ 

CLBAR 

Average  main  rotor 
coefficient  of  lift 
(Cg) 

dimensionless 

t 

CLBT 

Average  tail  rotor 
coefficient  of  lift 

dimensionless 

m ix 

CLMAX 

Maximum  coefficient 
of  lift 

dimensionless 

t 

CLT 

Tail  lift  coefficient 

dimensionless 

tmixn 

CLTMXN 

Maximum  C8  in  the 
negative  (down) 
direction 

dimensionless 

tm  axp 

CLTMXP 

Maximum  Ce  in  the 
positive  (up)  direction 

dimensionless 

W 

CLW 

Wing  lift  coefficient 

dimensionless 

W m »xn 

CLWMXN 

Maximum  Cj^  in  the 
negative  (down) 
direction 

dimensionless 

Wmixp 

CLWMXP 

Maximum  C8  in  the 
positive  (up)  direction 

dimensionless 

!0 

CLO 

Fuselage  lift  coefficient 
at  zero  angle  of  attack 

dimensionless 

CMALP 

Slope  of  fuselage 
moment  coefficient 

1/rad 

Definition 


Mnemonic 


dimensionless 


Fuselage  moment 
coefficient  at  a = 0 


dimensionless 


Internal  counter  for 
convergence  scheme 


COUNT 


dimensionless 


Power  coefficient 


dimensionless 


Correction  to  power 
coefficient  due  to 
compressibility 


dimensionless 


Profile  power 
coefficient  (main 
rotor) 


Profile  power  coefficient  dimensionless 
(tail  rotor) 


dimensionless 


Correction  to  power 
coefficient  due  to 
stall 


dimensionless 


Term  in  definition 
of  Xs 

C =izr  + x 


dimensionless 


Coefficient  of  thrust 
main  rotor 


dimensionless 


Mean  blade  chord 
tail  rotor 


Coefficient  of  thrust-tail  dimensionless 
rotor 


Term 

Mnemonic 

Definition 

Units 

S*T 

DELAT 

Change  in  tail  angle  of 

rad 

■T 

attack  due  to  downwash 

DELAW 

Change  in  wing  angle  of 

rad 

11/ 

“ W 

attack  due  to  downwash 

AMd 

DELMD 

Term  in  definition  of 

Akfd  = M - Mp  r it  ~ 0.06 

dimensionless 

8V 

DELV 

Velocity  increment 

ft/s 

«vkt 

DELVKT 

Velocity  increment 

kn 

5wvt 

DELWVT 

FWVT/DFWVT  (used 
in  convergence 
scheme  for  WVT) 

dimensionless 

80 

DELO 

Term  in  definition  of 

dimensionless 

U 

Cd  (input) 

*. 

DELI 

Term  in  definition  of 

Cd  (input) 

dimensionless 

8, 

DEL2 

Term  in  definition  of 

dimensionless 

Cd  (input) 

8, 

DEL3 

Rate  of  change  of  blade 

dimensionless 

J 

pitch  with  respect  to 
blade  flapping  (flapping 
hinge  angle) 

de/da 

DEPDAL 

Rate  of  change  of 
downwash  angle  at 
tail  with  change  in 
wing  angle  of  attack 

dimensionless 

d(f(WVT)) 

DFWVT 

Derivative  of 

FWVT 

dimensionless 

D, 

DI 

Induced  drag 

lb 

dmr 

DMR 

Main  rotor  diameter 

ft 

^ I • ' ' '-'■’ 

— 


Term 

Mnemonic 

Definition 

Units 

Du  k 
(Cont’d) 

DNOM 

Intermediate  term  in 
calculation  of  A1 1 - A14 

dimensionless 

• 

DNWSHK 

DNWSHK 

Arbitrary  correction  to 
downwash  at  tail  due  to 
wing  (normally  1 ) 

dimensionless 

• 

Dr 

DR 

Main  rotor  drag 

lb 

1 D. 

DT 

Tail  rotor  diameter 

ft 

D0 

I 

DO 

Drag  due  to  dynamic 
pressure  and  flat 
plate  area 

lb 

! 

i 

E 

Flapping  hinge  offset 
as  a fraction  of  rotor 
radius 

dimensionless 

• EI 

I 

EI 

Fractional  increase  in 
rotor-induced  power 
above  ideal 

<ft-Wl+H)) 

dimensionless 

I 

l 

F 

Equivalent  flat  plate 
area  in  the  horizontal 
direction 

ft2 

fige 

FIGE 

Correction  to  account 
for  operation  in 
ground  effect 

dimensionless 

FUSEMK 

Arbitrary  correction 
factor  to  fuselage 
moment 

dimensionless 

fV 

FV 

Equivalent  flat  plate 
area  in  the  vertical 
direction  (adjusted 
to  match  power  at 
hover) 

ft2 

• 

• 

i f(WVT) 

FWVT 

Function  of  WVT 

dimensionless 

ir,  v‘  A- 


E-S 


Definition 


Term  in  definition  of  dimensionless 
coning  angle 


Term  in  definition 
of  coning  angle 

F2  * 1/4B*(B* +*i2) 


dimensionless 


Term  in  definition  of  dimensionless 
coning  angle 

F3»tf0(l/5tf0  + l/6MJ) 


Term  in  definition  of  dimensionless 
coning  angle 
F,  * 1/3  mB3 


Term  in  definition  of 
coning  angle  (lock 
number) 

Cp3n . R4 

•v  _ . ^inc 


dimensionless 


GAMF 


dimensionless 


Term  in  difinition  of 
B,  and  C, 

r = OL.v  - e„  +6, 


GAMMA 


Aircraft  gross  weight 
(input)  internally 
modified  to  indicate 
component  of  weight 
perpendicular  to  flight 
path 


Aircraft  gross  weight 


Height  of  main  rotor 
above  center  of 
gravity  (eg) 


Mnemonic 


Definition 


Height  of  engine  thrust  ft 
above  eg 


Total  uncorrected 
horsepower 


HPACC 


Accessory  horspower 


Compressibility  power  hp 
•oi-ection 


r,  -in  rotor  induced 
power 


Main  rotor  profile 
power 


HPPAR 


Main  rotor  parasite 
power 


Stall  power  correction  hp 


Tail  rotor  power 


HPTC 


Total  corrected  power, 
i.e.,  HP  corrected  for 
accessories,  stall,  and 
compressibility  effects 


HRTR 


Height  of  main 
rotor  above  the 
ground 


Height  of  tail  rotor 
above  eg 


Height  of  vertical  fin 
center  of  pressure 
above  eg 


Blade  moment  of  inertia  lb-ft2 
about  flapping  axis 


Mnemonic 

KBETA 


Definition 

d0/d/?  = S3 
effect 

Constant  in  expression 
for  rotor  profile  power 
Pp  = Pp0(l  + KP*M2) 

where  PpQ  = profile 
power  in  hover 

Factor  which  varies  stall 
correction 


Units 

dimensionless 

dimensionless 


dimensionless 


for  ~~  > l 

20  j 


L 

Fuselage  lift 

lb 

L, 

Lift  at  tail 

lb 

X 

LAMDA 

Ratio  of  the  net 
velocity  up  through 
the  disc  plane  to  the 
tip  speed  X = Va  - w/VT 

dimensionless 

LT 

Horizontal  distance 
from  tail  rotor  to  eg 

ft 

fiv 

LV 

Distance  of  vertical 
tail  center  of  pressure 
from  eg 

ft 

M 

M 

Mach  number 

dimensionless 

m 

Moment 

ft-lb 

^CRIT 

MCRIT 

Critical  Mach  number 
of  advancing  blade  at 
\p  (azimuth)  = 90° 

dimensionless 

Term 


Mnemonic 


Definition 


Units 


^RITq 

MCRO 

Critical  Mach  number 
forC8  = 0 

dimensionless 

mfuse 

MFUSE 

Moment  due  to  the 
fuselage 

ft-lb 

MOMENT 

MOMENT 

MOMENT  unbalance 
(total  moment  about  eg) 

ft-lb 

moment1(2  3) 

MOMNTl(2,3) 

Measures  of  moments 
at  different  angles 
of  attack  (used  in 
convergence  scheme) 

ft-lb 

MTAIL 

MTAIL 

Moment  due  to  tail 

ft-lb 

MU 

Main  rotor  advance  ratio 
(ratio  of  forward  velocity 
to  rotor  tip  speed  VT) 

dimensionless 

MVT 

Advance  ratio  for 
tail  rotor 

dimensionless 

mt 

Tip  Mach  number 

dimensionless 

Mw 

MW 

Moment  about  the 
flapping  axis  due 
to  rotor  weight 

ft-lb 

MW1NG 

mwing 

Moment  due  to  wing 

ft-lb 

ml 

Ml 

Constant  in  definition 
of  critical  Mach 
number  MCRIT  = 

^crit0  " 

dimensionless 

n 

N 

Load  factor  = 1 + a/g 
where  a = acceleration 
in  direction  of  rotor 
thrust 

dimensionless 

Definition 


Mnemonic 


OMEGA 

Rotational  velocity 

rad/s 

P 

Power 

ft-lb/s 

PCTQ 

Percent  torque 

dimensionless 

PHI 

Fuselage  roll  angle 

rad 

PI 

Rotor  induced  power 

ft-lb/s 

PIE 

3.14159 

dimensionless 

PIT 

Tail  rotor  induced 
power 

ft-lb/s 

PP 

Main  rotor  profile 
power 

ft-lb/s 

PPAR 

Main  rotor  parasite 
power 

ft-lb/s 

Profile  power  required 
in  hover 

hp 

PPT 

Tail  rotor  profile 
power 

ft-lb/s 

PRESS 

Air  pressure  at 
operating  altitude 

mb 

Main  rotor  azimuth 
angle 

deg 

Q 

Dynamic  pressure 

Q=  1/2  pV2 

lb/ft2 

QV 

Dynamic  pressure  in 
the  vertical  sense 

Qy  = 1/2  p w2 
where  w = downwash 
velocity  at  rotor 

lb/ft2 

Term 

Mnemonic 

Definition 

Units 

R 

R 

Main  rotor  radius 

ft 

P 

RHO 

Air  density 

slug/ft3 

Rtrdwk 

RTRDWK 

Rotor  downwash 
constant  arbitrarily 
varies  downwash 
from  rotor  acting 
on  fuselage  wing 
and  tail 

dimensionless 

RTRdwk  > 1 -♦■increase 
in  downwash  and  vice 
versa 

RTRsta 

RTRSTA 

Main  rotor  axis 
station 

in. 

s 

Area 

ft2 

SHPm.x 
m ax 

SHPMAX 

Value  of  shaft 
horsepower 
corresponding  to 

TRQPRS  on  torque 
pressure  (%Q) 
calibration  curve 

hp 

0 

SIG 

Main  rotor  solidity 

BC 

SIG  = — 
irR 

dimensionless 

°x 

SIGT 

Tail  rotor  solidity 

2BC 

SIG  - — 
irD, 

dimensionless 

s, 

ST 

Horizontal  tail 
planform  area 

ft2 

\ 

STV 

Vertical  fin 
planform  area 

ft2 

E-14 


I 

1 


Term 

Mnemonic 

Definition 

Units 

Sw 

SW 

Planform  area  of 
the  wing 

ft2 

T 

T 

Main  rotor  thrust 

lb 

T 

TAU 

Term  in  definition  of 

dimensionless 

00 

Mw 


TE 

TE 

Thrust  due  to  engine 
exhaust 

lb 

TEMP 

Air  temperature  at 
operating  aititude 

°C 

e 

Pitch  angle 

deg 

0D 

THDES 

Aircraft  descent  angle 
(negative  if  ascending) 

rad 

THETT 

Total  blade  twist 
from  root  to  tip 
(negative  for  washout) 

deg 

THETO 

Main  rotor  collective 
pitch 

rad 

THET1 

Main  rotor  lateral 
cyclic  pitch 

rad 

THET2 

Main  rotor  longitudinal 
cyclic  pitch 

rad 

02- 

THET2N 

Maximum  negative 
value  for  longitudinal 
cyclic  pitch 

deg 

1 * 

02. 

e 

THET2P 

Maximum  positive 
value  for  longitudinal 
cyclic  pitch 

deg 

C 1 C 


Definition 


Mnemonic 


Initial  main  rotor 
thrust  estimate 


Station  of  tail  center 
of  pressure 


TLSTA 


Tail  rotor  station 


TRSTA 


ST  A 


Tail  rotor  thrust 


Distance  from  eg  to 
tail  station  center 
of  pressure 


Distance  from  eg  to 
vertical  fin  station 


TTLV 


dimensionless 


Term  in  definition 
of  0Q 

Tj  = 1/2(Bq  + 1/2  p2) 


dimensionless 


Term  in  definition 
of  0O 

T2  = 1/3  B l + 1/2  m2B0 


dimensionless 


Term  in  definition 
of  0O 

T3  = 1/4  B2(B2+P2) 


dimensionless 


Term  in  definition 
of  0O 

T4  = 1/2  p(B2  + 1/4  p2) 


Aircraft  speed 


Speed  of  sound  at  the 
given  operational 
altitude 


Highest  aircraft  speed 
to  be  considered 


Definition 


Mnemonic 


Aircraft  speed 


VKNOT 


Local  velocity  at  the 
point  where  fuselage 
lift  is  assumed  to  act 


Local  velocity  at  the 
horizontal  stabilizer 


Main  rotor  tip  speed 
due  to  rotation 
VT  = S2R 


Vertical  fin  station 


VTSTA 


Tail  rotor  tip  speed 
due  to  rotation 


Weight  of  main  rotor 
blade/ft 


Downwash  velocity 


Downwash  velocity 
where  fuselage  lift 
is  assumed  to  act 


Downwash  factor  from  dimensionless 

main  rotor  onto 

fuselage 


WFAC 


Downwash  factor  from  dimensionless 
main  rotor  onto  tail 


WFACT 


Distance  from  eg  to 
wing  station 


Wing  station 


WNGSTA 


Tip  weight 


Term 


Mnemonic 


Definition 


Units 


w 


t 


w/vT 


W/VT, 


X 


s 


xo 


Y 


Downwash  velocity  at 
the  horizontal 
stabilizer 

WVT  .Ratio  of  main  rotor 

downwash  to  tip 
velocity  CT  /2pt 

WVTT  Ratio  of  downwash  to 

tip  velocity  of  the 
tail  rotor 

XF  Distance  aft  of  eg 

where  fuselage  moment 
and  lift  are  assumed 
to  be  acting 

XS  Radius  outboard  of 

which  main  rotor 
blade  stall  may  be 
present 

XO  Radius  inboard  of 

which  main  rotor 
blade  stall  may 
be  present  (due  to 
inflow  ratio  and 
blade  twist) 

Y Distance  between  eg 

and  RTRsta 


ft/s 

dimensionless 

dimensionless 

ft 

dimensionless 

dimensionless 
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